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(54) SEMICONDUCTOR DEVICE WITH MULTILAYER INTERCONNECTION 

(57)Abstract: 

PURPOSE: To inhibit increase in cost while forming 
wiring having high reliability by preventing the generation 
of residue at the time of the etchback of a buried 
metallic layer for a plug even when the flatness is 
inferior for an inter-layer insulating film. 
CONSTITUTION: An inter-layer insulating film 6 is 
formed from the upper section of a lower layer wiring 4, 
a through-hole 8 is formed, an adhesive layer 10 is 
shaped, and an Al-Si-Cu film is formed onto the 
adhesive layer 10 as a low melting-point metallic 
material layer 20. The formed Al-Si-Cu film is annealed 
for one min at 600° C in a vacuum, and made to reflow, 
thus improving the flatness of a surface. A tungsten film 
12 for buying the through-hole is shaped, and the 
tungsten film 12 is left only in the through-hole through 
etchback. Since the flatness inferior section of the 
inter-layer insulating film 5 is flattened by the reflow of 
the low melting-point metallic material layer 20 at that 
time, no residue remains in the recessed section of the 
surface of the inter-layer insulating film at the time of the etchback of the tungsten 12 A 
metallic layer for upper layer wiring is formed, and the upper layer wiring is formed through 
patterning. & 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by preparing the low melting point metallic- 
material layer in the lower layer of the metallic material embedded as a plug in the 
semiconductor device which has the multilayer interconnection connected to the contact hole or 
through hole by which the upper wiring was formed through the insulator layer on a lower layer 
electrode or wiring, and between a lower layer electrode or wiring, and the upper wiring was 
formed in the aforementioned insulator layer through the plug where the metallic material was 
embedded. 

[Claim 2] The aforementioned upper wiring is a semiconductor device according to claim 1 used 
as the laminated structure which has the aforementioned low melting point metallic-material 
layer in a lower layer in portions other than a plug portion and by which the metallic-material 
layer which mainly passes current was formed on it. 

[Claim 3] The semiconductor device according to claim 1 or 2 with which the adhesion layer is 
formed between the aforementioned low melting point metallic-material layer and the 
aforementioned insulator layer. 

[Claim 4] A semiconductor device the claims 1 and 2 whose main components of the 
aforementioned low melting point metallic-material layer are aluminum, or given in 3. 
[Claim 5] The manufacture method of the semiconductor device characterized by forming a 
multilayer interconnection including (E) from the following processes (A). (A) The process which 
forms an insulator layer on a lower layer electrode or wiring, and forms a contact hole or a 
through hole in the insulator layer, (B) A low melting point metallic-material layer is formed from 
on the process which forms an adhesion layer from on the aforementioned insulator layer, and 
the (C) aforementioned adhesion layer. The process to which it heat-treats in an inert 
atmosphere or a vacuum, and a reflow of the aforementioned low melting point metallic-material 
layer is carried out, (D) Process which forms the pad metal film for plug formation on the 
aforementioned low melting point metallic-material layer which carried out a reflow, forms the 
metal film for the upper wiring a process and after that [ (E) ] which gives etchback and leaves 
the metal film only to a plug formation portion, patternizes on the metal film and forms the upper 
wiring. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor device which has the wiring 
structure where the metallic material called the plug for connecting the conductive layer of a 
lower layer and the upper layer especially to a contact hole and a through hole was embedded 
and its manufacture method about a semiconductor device with multilayer-interconnection 
structure. 
[0002] 

[Description of the Prior Art] As a material with a plug of a multilayer interconnection the 
tungsten formed of the blanket tungsten process or the selection tungsten process as a pad 
metal for plugs. TiN by CVD, etc. are used widely. Moreover, for example, it formed the TiN film 
and the TiW film upwards as an adhesion layer and carried out the laminating of the metal film of 
an aluminum system as the quality of the material of wiring prepared in the pad metal upper part 
of a plug, aluminum-Si-Cu/TiN, aluminum-Si-Cu/TiW, etc. are used, and the aluminum-Si-Cu 
monolayer is also used widely. 

[0003] How to form lower layer wiring and the upper wiring among the conventional methods is 
shown in drawing 1 . Here, the thing of an aluminum-Si-Cu/TiN laminated structure is shown as 
a blanket tungsten and a wiring metal as a pad metal for plugs as an example. 
(A) On a ground 2, form the lower layer wiring 4 which becomes with the quality of the materials 
such as aluminum-Si-Cu and aluminum-Cu, and form the layer insulation film 6 from on the The 
through hole for connecting the upper wiring and lower layer wiring to the layer insulation film 6 
is formed by lithography and etching, and the TiN film 10 is formed as an adhesion layer of a 
fnnn^T that Moreover ' the blanket tungsten film 12 for embedding as a plug is formed 
L0004J (B) In order to leave the pad metal for plugs only to a through hole, give etchback to the 
tungsten film 12. At this time, when the flat nature of the layer insulation film 6 is bad, tungsten 
1 2a remains also in crevices other than a through hole as a residue. 

(C) After that, form the metal film 14 for the upper wiring by aluminum-Si-Cu, aluminum-Cu 
etc., patternize by etching with lithography, and consider as the upper wiring. By chlorine 
although usually carried out, using chlorine gas as etching of the metal film for wiring, since it 
does not **********, also in after patterning of the upper wiring, tungsten residue 12a 
remains, and a tungsten causes a short circuit during this wiring. 

[0005] Therefore, in the method of forming a plug using an etchback process, the flat nature of 
the ayer insulation film 6 becomes important However, obtaining sufficient flat nature of a layer 
insulation film complicates a process, and it has become the factor which raises cost as 
detailed-ization of an LSI process progresses 
[0006] 

[Problem(s) to be Solved by the Invention] As shown to drawing 1 (C) by the conventional wiring 
structure, in the plug portion, the tungsten 12 touches the TiN film 10. A tungsten cannot say 
adhesion with excelling so much to TiN. Moreover, on TiN, as for a tungsten, grain size tends to 
grow greatly. When the flat nature of a layer insulation film is bad, residue 12a of a tungsten 
occurs, as the manufacture method is described by explanation of drawing 1 . 



[0007] Then, this invention aims at enabling it to form reliable wiring while it suppresses a cost 
rise in the case of the etchback of the pad metal layer for plugs as residue 1 2a does not occur, 
even when the flat nature of a layer insulation film is bad. 
[0008] 

[Means for Solving the Problem] In the multilayer interconnection of the semiconductor device 
of this invention, the low melting point metallic-material layer is prepared in the lower layer of 
the metallic material embedded as a plug, [f the upper wiring is observed, in portions other than a 
plug portion, it has a low melting point metallic-material layer in a lower layer, and has a 
laminated structure by which the metallic-material layer which mainly passes current was formed 
on it It is desirable that the adhesion layer is formed between a low melting point metallic- 
material layer and an insulator layer. In a desirable example, the main component of a low melting 
point metallic-material layer is aluminum. 

[0009] The manufacture method of this invention forms a multilayer interconnection including (E) 
from the following processes (A). (A) The process which forms an insulator layer on a lower layer 
electrode or wiring, and forms a contact hole or a through hole in the insulator layer, (B) A low 
melting point metallic-material layer is formed from on the process which forms an adhesion 
layer from on the aforementioned insulator layer, and the (C) aforementioned adhesion layer. The 
process to which it heat-treats in an inert atmosphere or a vacuum, and a reflow of the 
aforementioned low melting point metallic-material layer is carried out, .(D) Process which forms 
the pad metal film for plug formation on the aforementioned low melting point metallic-material 
layer which carried out a reflow, forms the metal film for the upper wiring a process and after 
that [ (E) ] which gives etchback and leaves the metal film only to a plug formation portion, 
patternizes on the metal film and forms the upper wiring 
[0010] 

[Function] The low melting point metallic-material layer is prepared in the lower layer of the 
metallic material embedded as a plug in this invention, and a low melting point metallic-material 
layer is the material mainly concerned with aluminum in the desirable example. In order to use a 
tungsten generally and to raise the adhesion of the tungsten as a plug, and an insulator layer by 
the contact hole or the through hole as the quality of the material of a plug Although it is 
desirable that adhesion layers, such as Ti film, a TiN film, or a TiW film, are prepared, since the 
low melting point metallic-material layer which consists of material which makes aluminum a 
principal component further exists between a tungsten and an adhesion layer by this invention in 
that case As for the direction between which the low melting point metallic-material layer was 
made to be placed, the tungsten of adhesion improves more rather than contacting adhesion 
layers, such as TiN, and directly. Grain size becomes [ the direction which forms aluminum on 
the film made into a principal component ] small rather than forming directly, and a tungsten 
comes to have a property good as a plug in a TiN film etc. 

[001 1] By the manufacture method of this invention, since the tungsten film for plugs is formed 
on the front face where flat nature has been improved by the reflow since a reflow of the low 
melting point metallic-material layer was carried out even when the flat nature of an insulator 
layer was not good, in case etchback of the tungsten film is carried out, a tungsten film ceases 
to remain in portions other than a contact hole or a through hole 
[0012] 

[Example] Drawing 2 expresses one example. The same sign is used for the same portion in 
order to compare with drawing 1 . The lower layer wiring 4 is formed on the ground 2, the layer 
insulation films 6, such as Si02, are formed on it, and it is formed in the through hole at the 
thickness whose Ti film, TiN film, or TiW film 10 as an adhesion layer is about 200A, and is 
formed on it at the thickness an aluminum-Si-Cu film, an aluminum-Si film, or whose aluminum- 
Cu film is about 1000A as a low melting point metallic-material layer 20. In the through hole, the 
tungsten 12 of a plug is embedded through the adhesion layer 10 and the low melting point 
metallic-material layer 20. On the tungsten 12, the upper wiring 14 for mainly passing current is 
formed with the aluminum-Si-Cu film, the aluminum-Si film, or the aluminum-Cu film. 
[0013] Although the upper wiring is formed on the layer insulation film 6 also at portions other 
than the through hole section, the structure is the laminated structure to which the laminating of 



the low melting point metallic-material layer 20 and the metallic-material layer 14 for the uooer 
w.nng was earned out through the adhesion layer 10 formed on the layer insulation film 6 Even 

ottheVoTr eX f t t' T rCSidU ! ° f 3 tUngSten d ° eS n0t 6xist With the "<* suffi cient flat nature 
of the front face of the layer insulation film 6 in the crevice 

[0014] Next, one example of the method of manufacturing wiring of the structure shown in 
drawing 2 by drawing 3 and drawing 4 is explained 

(A) Use what formed Si02 film 2b by the plasma CVD method on silicon-substrate 2a as a 
ground 2 (1 00) at the thickness of about 5000A. In order to form lower layer metat wiring an 
alum.num-S.-Cu film , S deposited by the sputtering method on Si02 film 2b at the thickness of 
mmll V^Tn?;; * patternizes to w iring by lithography and etching. 

[0015] Next S.02 film ,s formed in the thickness of about 1 micrometer as a layer insulation film 
6 from on the lower layer wiring 4. After forming a through hole 8 in the layer insulation f m 6 by 
IthoT^ 1 ng, , T ' fi, 7J s A de e° sited on the thickness of about 200A by the sputtering 
ToOQA T" 1 °- An aluminum " Si -Cu film is formed in the thickness of about 

Zfi?t n a k f P°' n t metallic-material layer 20 on it. The membrane formation condition 

DC ^owe?2?w m ? n? °° temperature C of 200 deeree s ° ], Ar gas pressure 3mTorr, and 

DC power 2kW, us.ng the DC magnetron sputtering method as the membrane formation 
technique of an aluminum-Si-Cu film. 

fflm wiiSfor^H^^ 0 annealing dUring 1 minUte are performed for the aluminum-Si-Cu 
bll improved membranSS ' V3CUUm ' 3 refl ° W W3S Carried °^ and surfa <* flat nature has 

(C) Form the blanket tungsten film 12 in the thickness of about 7000A as a metallic-material 
layer for embedd.ng a through hole on an aluminum-Si-Cu film. Formation conditions were made 

TndX S f TOrr ' flOW_rate 5SCCM ' N2 fl ° W - rate 30SCCM . H 2 Aow-rTte 2USCCM 

and the substrate temperature of 450 degrees C ' 

1 £™*™?JE^ e H C t hbaCk ° f the / UngSten fi,m 12 for pad * SF6 gas and the mixed 

fnn^^M a fl 6 ?" d ' t,0n W3S made ,nto gas Pressure 200mTorr, SF6 flow-rate 
1 00SCCM Ar flow rate 1 00SCCM, RF power 300W, and etching time 2 minutes. Thereby the 
tungsten film 12 remains only in a through hole. Since flattening is carried out by the reflow of 

ow mir" r t"? who r b ? d portion of the flat nature ° f *• ^ 

low melt.ng po.nt metall.c-mater.al layer 20 at this time, in the crevice of a layer insulation film 

0018 Tf7m " T ^ the . time ° f GtChbaCk ° f 3 tUngSten 12 that a resid - —ins 
for Ihe upper wVhg!" a,Um ' nUm - Si - Cu film in ^ about 5000A as a metal layer 14 

iSer 2Tand e tht e Jh e ^ 'T "nu*??"" Wirin& tHe '° W mdting point -etallic-material 
0m Ql n \ S T,^ 1 ° by ,,thocraphv and etching, and form the upper wiring. 

0 is i^^! and B) eXpre u SS ,° ther eXamP ' eS ' respe ^vely. Although the adhesion layer 
1 0 ,s formed in the lower layer of the low melting point metallic-material layer 20 by the 

Tt£ a ZlZ\Z and dj«4 , when low melting point metallic-material layer 

laver loT ^ adheS, '° n tC the ,ayer insulati °n film 6, the adhesion 

idhe Jo T be ° m,tted erawjng_5 (A) shows the wiring portion which omitted and formed the 

drawing 2 ' ^ * " ^ °™** 6 *° ,ayer 10 as compared with 

l ^ 0 ^ e T amP t 0f draW '' n * 5 (B) iS embedded at a P^cess (D), and it carries out etchback 
also of the low melting point metallic-material layer 20, and it is made not to leave the low 
melting point metallic-material layer 20 on the layer insulation film 6 further after the etchback 
of he ungsten film 12 for metal in the manufacture method shown in d^awingj and 
This w.ll be .n the state where the low melting point metallic-material .a^rl^emainl^T " 
the lower layer of the pad metal 12 of a plug, excluding the low melting point metallic-material 
layer 20 as a wiring metal like drawing 5 (B). mexan.c material 

[0021] Dj^MOgJ shows the circuit pattern for measuring the reliability of the wiring in this 
invention. According to the structure of the example shown in drawing^ , the lower .Iyer wiring 4 

l^lT^Zut are 0rrned • '* Pattem j ZeS t0 Vari ° US line/spac -. a " d ^ is made into an 
example 1. 14a and 14b are measurement pads. What formed the circuit pattern of drawing 6 in 



the structure of drawmg 5 (B) is made into an example 2. Although chlorine gas was used and 
the aluminum-S.-Cu film of the low melting point metallic-material layer 20 was ********** e d 
after the etchback of the tungsten film 12 in forming wiring of drawing 5 (B), the etching 
conditions at that time were performed in gas pressure 1Torr, CI2 flow-rate 20SCCM Ar flow 
rate 50SCCM. RF power 300W. and etching time 30 seconds 

[0022] Let what formed the direct blanket tungsten film and formed wiring on the adhesion layer 
10 , ..e., the thing which formed the circuit pattern for measurement of drawing 6 bv the process 
of drawing 1 , be an example of comparison, without passing through the formation process and 
anneal.ng process of the low melting point metallic-material layer 20 in an example 1 as an 
example of comparison of this invention. What was changed in the 0.5-5.0-micrometer range 
about each of an example 1, an example 2, and the example of comparison by making the line 

of face and space width of face of the lower layer wiring 4 into the same value was 
created. The line width of face and space width of face of the upper wiring 14 presupposed that 
[0023] m,crorneter « respectively. The result is collectively shown in Table 1. 
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[0024] In the example of comparison, the short circuit occurred [ the line/space ] in 1-3 
micrometers. It was checked by microscope observation of a sample that this short circuit has 
occurred by the residue of a tungsten. In the examples 1 and 2. such a short circuit was not 
generated in 0.5 to 5.0-micrometer the line/space. Although the example has applied this 
[0025]°" t0 COnneCti ° h by the thrOUgh hole ' * is aPP^able similarly in a contact hole. 

[Effect of the Invention] In this invention, while the adhesion of the tungsten and insulator layer 
which are embedded as a plug in a contact hole or a through hole improves, when the residue by 
the etchback of the metalhc-material layer embedded as a plug is lost the short circuit during 
the upper w.nng is lost and a reliable multilayer interconnection can be realized 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the process cross section showing the multilayer-interconnection formation 

method by the conventional method. 

[Drawing 2] It is the cross section showing one example. 

[Drawing 3] It is the process cross section showing the first portion of the process which shows 
how to manufacture the example of drawing 2 . 

[Drawing 4] It is the process cross section showing the second half section of the process which 
shows how to manufacture the example of drawing 2 . 

[Drawing 5] (A) and (B) are the cross sections showing other examples, respectively 
[Drawing 6] It is the plan showing the test pattern for investigating the reliability of wiring 
[Description of Notations] 
2 Ground 

4 Lower Layer Wiring 
6 Layer Insulation Film 
8 Through Hole 
10 Adhesion Layer 
12 Tungsten of Plug 
14 The Upper Wiring 

20 Low Melting Point Metallic-Material Layer 



[Translation done.] 



